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(54) METHOD AND DEVICE FOR RESTORING THREE-DIMENSIONAL 
FUNDUS PATTERN FROM SUPERPOSITION OF FUNDUS IMAGES 
PHOTOGRAPHED FROM MANY DIRECTIONS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To three- 
dimensionally restore and display a fundus 
shape from fundus images photographed 
from many directions. 

SOLUTION: When the lens of an organism 
eye is modeled into a single lens and the 
fundus shape is presumed substantially 
spherical, an image of the spherical 
surface by the single lens is on a quadratic 
surface, so that it can be presumed that a 
camera photographs the quadratic surface 
from various directions. From the 
superposition of feature points included 
commonly in the plurality of fundus images 

on the quadratic surface, the quadratic surface shape, and the position 
and attitude of the camera photographing each image are estimated. 
Parameters of the single lens are computed from the quadratic surface 
shape, and then the fundus shape can be restored. 
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^;««C»tWi, (c) »o|gSMjiA^B« 
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s. (f) ±feo2&*®«c. m&mtfiif&zti&Xo 

$r, BKOW-^XtCfflS-rS^^Sr^-S.^a, (s) is 
%g%?J:Gl> 2 <MbB£?&3*L* J: 3 £\ BgS3*B 

v^-_ t *±ie cnx«(2) lesion 
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C 4 3 Kit rt»<o¥SJc£;& t=-H^K<0BUS 
B(t^ffiffl^-^»ik^»1S>:t-.g>±IECl] ~C33« 

IE C 13 - C 4 3 atvftufipHEIfcagK ; 
[0012] t 6 3 (A) ^*flj^«#3*ifc1S»«0 

tScoBS«3t^2:jiU^l«-C-*,2»2?^iSiMSr*s > ). (D) 
Hc05t^S:|SI^U. (E) BRfiSRiB*|a|ffiU. <F) UM 
^ $ fLfclSla^iB^tOKJK^^ - >cr>&&m Zisz\% 
»r\ -5- LT (G) 3i^7cKJKVN'^-y$r^-r4C:>:5r# 

fSt-rsRiJSBffiA^iai^^^ 3wm.Ttmf/'zxi. 

C73 (1) ^lajA^ffi^Sn^^BREBta^r 
y*/MfcflMkLT«J$U (2) #B«*»fe»iEjftS«ai 
L. (3) SS*l6^ifc«-3rv^*IIRKBta&aH»Lfc*^ 
5<ofiHKatf«»?&«a[fl:L. (4) St«*ft$*u:*^ 
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&<OT ^.T**2»:ttB±(c^i, i 5 (C «-^^< 7C0{4 

'^^fifflBtSL. (e) iiE^SH^WiEjfc&t- 
#i<^S2»:i6ffiSrfia-fbthmt, (f) ±te«2»:ft 

■^-i^****. (s) KJI^-e±5W)2<JtiBiiHC^ 
«$<i4i-5^ BBK^BSWffiaat^SSr^. (h) 
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±te c 1 3 - C123 ^^^ix^tmcommRu^m ; 
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Srlgft-f4i>tf>T;&4. 

[0017] t £ ot\ ^*Bl^tt;h WcS/,*f*IS 

nstaa-c*** 1 . *«o^.fi r < fr-ffrx-fo 4 titb , m 
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Hi:- HRKcOJE^eHSr. BS9£3 i>com±(D— 

nmiEnmBi&ffiZh^x-tMz, 9&<m&*mzm 
*imx'h&. tea. mmmm&mts:'>tz** : 7{mfrh 
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[ o o 1 8 ] m<r>v>xtwsmsMX' yxcom*. 

2^ftffi>^rS. ZZX\ 9tXW&mWi§L<P±K>mWL* 
ic^^iO 2 JJ:(ftiB±T'ai3^ip-ti: & CI t lz J: 0 , 
iX(c . «5e * il/c BBK<7>{£0 2 ffiffi W ^ ^ - 9 

>X<7)J^ *—9&lli?>t>tlX^h<DX\ 5Effi_h(C#Bl 
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[0020] 
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JiKo^^^ilL2<J:ftK±(c#^fe^ -eLTKJK 

[00 2 1] 
[S3] 
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v. > 
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(X-C x ) 2 + (Y-C y ) 2 + (Z-C z ) 2 -R 2 =0 

fr»fc"f. d^*cOf«(a, b, c) (4, mf [0023] 

5^(2) &<7>2lttim±.e>&b*&Zk.ifii>fr&. [»5] 

2 2 2 
a,(a+b)+a 2 c + a 3 ac + a^bc + a g c + 1 = 0 
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a, = 
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TfrBHK? h/W t > misfit Rfc wt . H^A 
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%-f-Zbti s V%&. Z<?>2<X$imcr>&b&'zcDJi* ; 7C0 

tarn • e»£:j©&*uf . ■«±<o*Ha J £K*«ET& 2& 
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^*tf5-fSffi®i:{S«02a:flffii:so^i:U-C. 2&fii 
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HLhWjfePi (je Di)(cMJD^-4^2^taffi±«^P 
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-tft. fc«u Ni jim-^Di wsjwaiti. 

HflHlkaifeMb&tt'*? x/KPowel 1 ) ms; 'commit 
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k ft c k ifiv $ ft . G<7>mmm\ftnig&m x 

&bX X v» . £ i d C LT . K«JBtt jWSOTC* ft £ 
k cOA. vc. ^ 7 • sgfS k KJKiO HsD 
H*t3ft£ L . Bg&sD 3 &7CJ&tt«0«7C • 

[0034] BiTcwatatMtJWf . *mtemteMtz 
ft, •e«om*w^««o##^ftCiitt$nTv^ft t 

<Z>T*ft. i^6<^)fl^ll*«B^«PS^>«*«F5:!B« 

£iW9H-ftfc*>f> *> ?)-es>ft #\ *ia-r-m^-rft^Bfl^ 

ieHSrRSSLfc 0 , £ft VHiftM-fft.! k «r*ft»f)-C 

tfejBJBs&^rsE-e* ft i k immztih^xht, . £t 

t cor* 0 . ,r ftte k '3 WarcflWIflWri 
£>ft. 

[oo35] tmmmi mmmiza. w&<r>$m®.9& 



[0031] 
[&1 3] 



SrPi 



['L< 



Pi 



1 



sDfi^ea k -r ft . Mf&commm t^^ycoa 
w.-m9M<]EL<mjgx'Zx^tuf. s-i coutjSp 

-rft 2&ia®oim, • s?»**ftft. 

<7)ffiJi, Ok =2: ft. 
[0 0 32] 

2- 



(5) 



ziitzsk^nttm&^mmttZK&znwLj&b txm 
£ hi o&vmi 1 c*-r . 0 6 — 11 ± t £ #smuiw 

<o*«$rilK, EH0atPHllt±. 06&L*08<7):&(B!lk[I! 
7 9 k OfflX-mtih i> COCO^T <7)*tJtEWt5r* 

x-m^tiwm&it. 2 mxt^mmrsx-Mm^f^n.-^ 

ffi-TftClkA^Siift. 

[0036] &fc5S:<5> -C*S*l.ftfFMBfflaEco«*^ 
9 xyuaic i 0 ft/Mti" ft . ^^'7 - * i0lD$M&<±5i: 
(3) <9a 5 = 1 . ^fLJi^hSr^T, OtU. <IiX{±. 

5*<|S1 bjt^-CKjftlcffia L . S Jta«k LTT 
ffi(z =-1) S:-5-i.^:C:k$:.«ift-rft (EM12) . 

v^ftk, «BW»fc:KB 

? afigfts* 5 ^ - ? S: WJfflTSS L 
^^^^eso^^^-ftS-yrftit-C'ffFlIIRISic 
ESibMkLfe. ^co^ktciO. llBtc^LJtid 

m$r* LT ^ft . HH2avHl3cO#a*£0(i' hr> S 5:^ 
ffl(2 =-1) Wt'^Lfct.<?55: 015^1^161:^. 
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[0 0 3 7] owe. ^WMl^t 2&fl 
fz2 ioixtv^S. £cdb#. 9 oj75X?^5^i 

>u& tz x h m o m Lt\mz x o , e s ^Mtf s * * 9 
■ &mte£V2<mmw^*-?ziiisbtz. e*- 
«/Wt-r siaetfett * * * ^^{s^^fts: 017 

k 1 1> fcffl iS 8 *i»f^ i: L T v ^ -> ^ . 

[ 0 0 3 8 ] ^#^> iifc 2 <£&mn 2 ixoffia j: 0 . a co 
i:**?**. Gim^iz^-x.. 2 <xtt®±<?)*<?>MS« 

&M (explicit) «£d£k£<. «iB±fc^Wr#-ft1l 
[0039] Ifftre^E 5r«/Jvftr-S - fc -Clf £>ti£# 

wmzmz. *m«B«Lt<?5^i&. ^o2<^ttffi±tc 
j:n^B®±«*^. ^(4) ciosa-rsck-c. re 

H21fc«T. «Jft«IIRl5iS««oSia^*>*t:J:0, BUS 
eoj£^IEHK*>fe 6^ -y*'i%&Zb tfX'Z tz . R3: 
S BftoHK 4 *: ** h Jfo«& k(i . 3 *> A k »&■ -> X m 
tnZtiX . «ffi±w -y#q# £>;fxT v ^ £?)t'. 

[0040] immzx *). m«*nmz. onxaLfc* 

X/mt. 2t,lziiVy\-T>*.Ttftm2ti&. *%>wn 

amutmrnm^m^ik^^ yxx-^ut l . w. 



■ g®#£t*2 vtmw<mw.zimL. out, #f><x 

fc2 ^fflffic0^tt*^IBJc»ttSra7ui-|.£ k Sr^r^ 
[0 0 4 1 ] Z 0 LXilTtZtlXittZtltz 3<%7im& 

mma. mm<m&v>m?zwmLx\,yh(?>x\ mmaa. 
%%t'niLfcm:{mmm%t'z:iEmzieM-?z> ztw 

»<.#L^3<J5cllB«HflWi, K^iKSO^ISi. i^O^ 
Sr^-f , ^t^tS^ai: ktc^jfiJfflT'^T^ffl 
T'J>& 0 Lfc*i->-C, *3iR7cBU£li»ti. fflASfeOfc 

izmm-tz z\ k . Eeipra^jf u x y -f-- ^ 3 > , 
is—f-famntzibcoiimmmz t^swt-, wiiar, 

iOfu^^i^^S i k **T'^ . *^J.o^^'te^S: -Tig 
[0042] *%Hfl<oi?4 L^SS«T«, KS*^ 9 k 

*ti*wa ix&btizmmmm-rzmmwmw.t 
fr^h^^j*tLxmm.zmm-z>c\bt i X'£ . is 

$^TV^iOAW4L.u„ 4?tM^Xf-A(c(i. fa 
[0043] 

a**«*-r s £ k * 0 . vm&mmm. m 

%m<v* 'J xyf- >- a y ( hy a TA*:9!flct3£b * 
ffi?r ffl v ^ *55V v?5W?gffit 2r-T 4 £ k ^nb^>tLX v ^ 
■§>) . &glzftT&4 >y*— AHrjy-tyhw^o 

k* ? tii*-l»i;d(ct'2». C^RnSftt^Ktt 

tE* t fcJ^h t . mftx- z&zumh frx-h 

[03] BBJSH^fe^tx^Sr^-r. 

[04] wmmm<7>i&mim&£7i?t. 

[05] »^$ill>2<J:flllk#®«^i5*A^^ 
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[06 ] $&J&m&*>< 5-C«»3ixfc9tfc*>B«0 a *> 
^4"* (A-C) WHS. (D-E) c06&£^t\ 

<T?& (G- I ) i7)3^5:^-r. 

[08] 06&sfcjji«ffl#&«iafl:ufca« 
[09] m *wzmm%*wm\,izw& (ZL<m 

[010] fflK-f-*±?ttJBtttt&*lfc1«8j& (- 
[011] iW»7 f --^±'C*fJ6ft*t^fc»SbS (- 

[01 2] Vfm&nmtth^izz&mmni&commco 

tciSU . *&UttnWRffi(z- - 1) * 

[01 3] #ia£^*fc^frtfl::J:&IBJK^«Ottig^ 



(£&fgL:fc*£S£3Ufrf 5.. #0li;#* ^cDftgWW) 
[014] Wfi^^ata^iy*lcJ:4REo«CDflBi5(J5 

[01 5 ] z=-l iSrtT<0!|«a.*<0»S s*^-. *0 
[0 1 6 ] z=-l ®rtT<!OWSL*<JD»* Sr^i". *0 

[017] ^ox/utt**;** y&mrmm^w^^ 

tilz^tbtz. 

[018] BRS<0«*»*>«iB^!)3Kfie»S:^-r. 

[019] m&e>m^nm^<v3m&%:Z7*-t. z.<n 

[02 0] ffi^$;ftjtl&E;\^-y£5rrr. 
[02 1] «7C$#ufclBl£/^- 
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